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GENERAL INTRODUCTION 
The backwater areas of the Upper Mississippi River are 
very productive habitats. They are important in themselves 
but their importance to the river as a whole is unknown. The 
flow from these backwaters could be rich in food organisms 
which could contribute to the overall productivity of the 
whole system. Since they are being lost at a rapid rate, 
their importance should be analyzed to determine what, if any, 
steps should be taken to preserve them. 
The Upper Mississippi River is defined as that section 
that extends 1482 km from Hastings, Minnesota to 
Caruthersville, Missouri (Rasmussen 1982). The river serves 
many purposes but primarily provides commercial transportation 
to the ce~tral United States. Over the past 100 years, the 
river has been greatly modified for this purpose. At the turn 
of the century, wing dams and closing dams were constructed to 
divert water away from off-channel habitats and constrict the 
flow to the main navigation channel. This was supplemented 
with dredging and snag removal to maintain first a 1.1 m and 
then a 1.8 m minimum depth. In the 1930s, the U.S. Army Corps 
of Engineers was instructed to build a series of 29 navigation 
lock and dams to maintain a 2.7 m minimum depth, converting 
the free~flowing river into a series of pools, each with an 
upper riverine section and a lower lacustrine section. 
The habitats of the Upper Mississippi River have been 
2 
divided into six categories by the Upper Mississippi River 
Conservation Committee (Rasmussen 1982) but are basically of 
two types. The main channel habitats include the main 
channel, main channel border, and tailwaters. The off-channel 
habitats include the side channels, sloughs, and river lakes 
and ponds. In this thesis, the sloughs, river lakes, and 
ponds are combined into a single habitat, the backwater areas. 
The backwater areas are characterized by slow currents, 
silt substrates, and shallow water. They are known to be very 
productive and anglers, both commercial and recreational, have 
utilized these areas for a long time. This high productivity 
is the result of an influx of nutrients from the weathering of 
rocks and minerals and from the runoff from fertilizer-laden 
farmland (Bade 1980). Nitrogen, phosphorus, and organic 
carbon are brought into the backwaters supporting large 
populations of phytoplankton and zooplankton, thereby 
providing an abundance of food for adult fishes (Schramm and 
Lewis 1974). 
Presently, there are approximately 24,300 ha of these 
habitats between Guttenberg, Iowa, and St. Louis, Missouri 
(Bade 1980). Many of these areas were created by the 
inundation of terrestrial habitats when the navigation dams 
were constructed. However, these habitats are being lost at a 
rapid rate because of the great quantity of sediments that 
accompany the nutrients. Both coarse and fine sediments-find 
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their way into the backwaters but it is the fine sediments 
that are filling the backwater areas. Since the current in 
the backwater areas is so slow, these fine sediments are 
deposited, covering existing substrates. Coarse sediments are 
generally lost in the main channel or at the input to the 
backwater area. 
The major source of the sediments that find their way 
into the backwater areas is topsoil erosion from farmland 
(LePage et al. 1979). On the average, 22.5 metric tons/ha are 
eroded annually from farmland in the river valley, amounting 
to a total of 35.8 million metric tons eroded annually in the 
basin above Guttenberg, Iowa (LePage et al. 1979). Poorly 
managed pastures and forests also contribute to the sediment 
load of the river. 
The backwater areas have been studied as separate 
habitats and their high productivity has been proven 
(Christenson and Smith 1965, Schramm and Lewis 1974). 
However, the relationships between these habitats and the main 
channel habitats are not clear. Eckb1ad et al. (1984) showed 
that drift of aquatic organisms does occur out of the 
backwater areas but the extent that this can affect downstream 
main-channel habitats is not known. The present study 
examined the relative abundance of larval and juvenile fishes 
and macroinvertebrates in the backwater areas near the 
confluences and in the main channel upstream and downstream 
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from backwater confluences. Three backwater areas were 
sampled at two depths over a S-month period. This sampling 
regime enabled a comparison of densities in main-channel 
habitats that could be affected by drift from backwater areas 
and those that could not, and also between backwater and main-
channel habitats. Since the backwater areas may be gone in 
the next century, this research was needed to determine their 
importance to the biological integrity of the Upper 
Mississippi River. 
Explanation of Thesis Format 
This thesis is composed of two sections, each containing 
a manuscript submitted t~ an aquatic journal for publication. 
The first, entitled Relative Abundance of Macroinvertebrates 
Found in Habitats Associated with Backwater Area Confluences 
of the Upper Mississippi River, Pool 13, begins on page 6 and 
contains; introduction, study area, methods, results, 
discussion, and literature cited. Figures and table are 
included within the text on separate pages. 
The second section, entitled Importance of Habitats 
Associated with Backwater Area Confluences as Nursery Areas 
for the Fishes of the Upper Mississippi River, Pool 13, begins 
on page 36 and contains; introduction, study area, methods, 
results, discussion, and literature cited. Figures and tables 
are again in the text on separate pages. 
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The two papers are followed by a Summary and Discussion 
of the results and literature that was cited in the General 
Introduction and Summary and Discussion. An acknowledgement 
of people who assisted in the project is last. 
The candidate was responsible for both the acquisition 
and analysis of the data and the writing of the following 
manuscripts. 
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SECTIO~ I. RELATIVE ABUNDANCE OF MACRO INVERTEBRATES 
FOUND IN HABITATS ASSOCIATED WITH 
BACKWATER AREA CONFLUENCES OF THE 
UPPER MISSISSIPPI RIVER, POOL 13 
7 
INTRODUCTION 
Although several investigations have studied backwater 
areas separately, seemingly none have examined the 
interactions that may occur between these areas and 
main-channel habitats. Eckblad et al. (1984) found that drift 
does occur out of these areas and that densities of 
macroinvertebrates are great in the backwaters; however, the 
extent that this drift affects downstream main-channel areas 
is not known. It has been shown that drift in streams is 
directly proportional to fish productivity (Mancini et al. 
1979, Mason and Chapman 1965). Therefore, drift out of the 
backwaters could increase fish productivity downstream in the 
main channel of large rivers. 
The backwater areas of the Upper Mississippi River, 
characterized by shallow water, silt substrates, and slow 
currents, are very productive because of an influx of 
nutrient-rich main-channel water during high water in the 
spring (Bade 1980). Along with these nutrients comes a large 
amount of fine sediments that are deposited in the backwaters 
because of their slow currents. Because the backwater areas 
are shallow, this sedimentation is expected to convert these 
areas to terrestrial habitats within 50 to 100 years (LePage 
et al. 1979). 
In the present study, I compared the densities of 
drifting macroinvertebrates in backwater areas with those in 
8 
the main channel downstream and upstream from the mouths of 
the backwaters (here termed confluences) and also between the 
main channel habitats upstream and downstream from the 
confluences. Any differences due to drift from the backwater 
areas and differences in productivity could presumably then be 
determined. Samples were taken at two depths and at three 
backwater complexes so that the vertical distribution and the 
uniformity of drift from different areas into the main channel 
could be determined. 
9 
STUDY AREA 
This study was conducted on Navigation Pool 13 of the 
Upper Mississippi River, which extends 55 km from Lock and Darn 
12 at Bellevue, Iowa (River Mile 556.6), to Lock and Darn 13 at 
Fulton, Illinois (River Mile 522.2). Pool 13 is one of the 
larger navigation pools and has more off-channel habitats than 
most, including eight backwater complexes, three of which were 
chosen for this study (Figure 1). 
Crooked Slough extends 10.4 km from Lock and Darn 12 to 
its confluence at River Mile 550.3; it has a surface area of 
2.9 km2 and meanders greatly but has only one outlet to the 
main channel. The land surrounding Crooked Slough is part of 
the Savanna Proving Grounds (U.S. Army), and recreational 
fishing is prohibited. 
Lainsville Slough extends 7.4 km from River Mile 546.0 to 
its confluence (River Mile 541.4). It has a surface area of 
3.5 km2 and is associated with the Brown's Lake complex, two 
shallow river lakes that are dominated by aquatic macrophytes 
in the summer. The inlet from the main channel has been 
opened twice by the U.S. Army Corps of Engineers to improve 
flow through the system with the hope that the rate of 
sedimentation would be decreased, but these attempts failed, 
and the inlet is now closed. 
Savanna Bay extends 7.5 km from River Mile 543.0 to its 
confluence at River Mile 538.3. This backwater has a surface 
10 
Lock & Dam 12 
Crooked 
Slough 
Lainsville 
Slough 
Navigation Pool 13 
Savanna 
Bay 
FIGURE 1. Location of Navigation Pool 13 of the Upper 
Mississippi River (inset) and upstream portion of 
Pool 13 showing the three backwater complexes 
sampled 
11 
area of 3.4 km2 and is somewhat different from the other two 
in that it immediately opens into a wide shallow stump field. 
A navigation channel is maintained on the Illinois side for 
recreational boat traffic. 
All three of the backwaters are on the upper riverine 
section of the pool. River width is fairly uniform, ranging 
from 0.4 to 0.9 km. There are many submerged wingdams as well 
as many protected banks. The depth varies greatly, and sand 
is the predominant substrate in the river channel. 
During the sampling period, the water temperature rose 
continually until the middle of June when there was a slight 
decline after a rise in the water level (Figure 2). The 
temperature then rose again and leveled off for the rest of 
the period. River discharge peaked twice during the sampling 
period, in April and in July. 
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METHODS 
Sampling was conducted at three locations in or near each 
backwater complex (Figure 3). Sampling locations were 
established in the main channel 0.8 krn upstream and downstream 
from the confluence. A third location was situated in each 
backwater, approximately 300 m from the confluence with the 
main channel. 
Tows were taken from 24 April 1983 through 14 August 1983 
at two depths. Surface samples were collected by using an 
apparatus similar to that described by Tarplee et ale (1979). 
A steel bar was mounted accross the boat 1.6 m from the bow. 
This bar extended 0.7S m from the starboard side to ensure 
that the net was out of the wake. A steel arm fitted with a 
O.S-m-diameter steel ring and a O.S-m-diameter conical 
plankton net, 1.8 m long and having O.SOS-rnrn mesh, was then 
attached to the bar and hinged so that it could be raised and 
lowered easily. When fishing, the net was 0.2 m below the 
water surface. 
Bottom samples were collected by using a benthic sled 
constructed following the design of Yocum and Tesar (1980). A 
similar net was attached to a 20 cm by 60 cm rectangular frame 
that was situated 0.2S m above the bottom of the river. This 
sled was towed behind the boat at the same time that surface 
samples were taken. 
The nets were fitted with General Oceanics Model 2030 
14 
FIGURE 3. Location of the three habitat types 
sampled relative to a theoretical 
backwater area 
15 
flowrneters to determine the volume of water sampled. 
Flow-through collection buckets (Graser 1978) were attached to 
the cod end of the nets. 
The backwater complexes were sampled weekly over a period 
of 3 days, with all habitats associated with a single complex 
being sampled in a day. Tows were conducted for 3 to 5 min at 
night beginning 1 h after sunset in the upstream direction at 
a speed of 1.5 mis. Three replicates were taken at each 
location in most cases. Main channel samples were taken on 
the same side of the river that the backwater was on, with 2 
being in the main-channel border areas and one in the main 
channel. 
When a tow was completed, the nets were rinsed, and the 
samples were washed into 1.0-liter jars by using a 10% 
formalin solution. Initially, macroinvertebrates were sorted 
and identified from the whole sample; later, samples were 
divided by using a plankton splitter, and macroinvertebrates 
were sorted from one-fourth of each sample. All organisms 
were identified to the lowest taxonomic level desired and 
counted. 
The number of organisms per 100 m3 of water filtered was 
determined for each sample. Because the number of samples 
collected at each location varied, the analyses of variance 
were conducted on the unweighted means to prevent overemphasis 
of some data. The data were analyzed to compare densities 
16 
over the sampling period, the utilization of the main-channel 
and backwater habitats by the macroinvertebrates, and the 
utilization of the three backwater complexes by the organisms. 
Significant differences between the three sample locations 
were obtained using the least significant difference method 
(LSD). Due to the high variability of the data, the 0.15 
probability level was accepted as significant. 
17 
RESULTS 
A total of 422 surface and 401 bottom samples were 
collected: average number of organisms per 100 m3 of water 
sampled were 1339 at the surface and 1047 at the bottom. 
These organisms represented 77 taxa, of which 32 made up at 
least 0.01% of the catch. Only these 32 taxa are considered 
here. In addition to the macroinvertebrates, many cladocerans 
and copepods were collected in the samples, but these were not 
included in the analyses because these organisms were not 
fully vulnerable to the relatively large mesh nets. 
The 32 groups collected represented 22 families and, 
except for one amphipod and one copepod, were all insect 
larvae, pupae, or adults (Table 1). Seven orders were 
represented, "among which Ephemeroptera were the most diverse. 
The Diptera (especially chaoborids) contributed far more than 
any other order to the total number collected. The pupae of 
chironomids and ceratopogonids were combined into a single 
group, "dipteran pupae," for analysis. Most larvae were 
identified to genus, except for Odonata, Hemiptera, 
Coleoptera, and Diptera, which were taken only to family. 
A total of 26 taxa were found primarily in one 
habitat--either the main channel or backwaters. The other six 
taxa were found in both habitats. This apparent habitat 
preference was used to classify the groups of 
macroinvertebrates in the discussion that follows, in which I 
18 
TABLE 1. Relative abundance (number/100 m3 ) of the 
macroinvertebrate families collected ~rom 24 April 
to 14 August 1983, Navigation Pool 13, Upper 
Mississippi River 
a Taxon 
Amphipoda 
Talitridae 
Copepoda 
Argulidae 
Insecta 
Plecoptera 
WI Per lodidae 
Ephemeroptera 
Ephemeridae 
Polymitarcidae 
Siphlonuridae 
Heptageniidae 
Baetidae 
Ephemerellidae 
Adult Ephemeroptera 
Odonata 
Coenagrionidae 
Hemiptera 
Corixidae 
Trichoptera 
Hydropsychidae 
Leptoceridae 
Coleoptera 
Dytiscidae 
Gyrinidae 
Elmidae 
Diptera 
Chaoboridae 
Ceratopogonidae 
Chironomidae 
Unidentified pupae 
Unidentified adults 
Abundance 
41.9 
1.5 
2.6 
124.4 
6.5 
10.8 
7.1 
51.1 
17.1 
1.3 
1.4 
34.1 
183.0 
7.9 
1.2 
1.0 
4.3 
545.9 
6.9 
27.1 
62.6 
12.2 
a 1n general, the identified taxa follow Merritt and 
Cummins 1978. 
19 
compare collections made at different depths, habitats, or 
backwaters. 
Backwater, Depth, and Habitat Comparisons for Organisms 
Found Primarily in the Backwater Areas 
The "backwater category" included 13 taxa (Table 2) that, 
as a group, were significantly more abundant (P<O.05) in the 
backwater areas than in either of the main-channel habitats. 
These taxa represented 51% of the total catch and included all 
dipteran larvae and pupae. Chaoboridae alone, the most 
abundant family collected, accounted for 31% of the total 
catch. 
Total densities were nominally greater downstream from 
the confluences than upstream. However, of the 13 taxa, only 
dipteran pupae were significantly more abundant (P<O.05) in 
the downstream than in the upstream habitats. Nine of the 
remaining taxa were seemingly more abundant downstream. These 
observations suggest that the macroinvertebrates found 
primarily in the backwater areas drifted into the main 
channel. 
Three peaks in density of organisms were observed over 
the sampling period (Figure 4). The highest peak was in late 
July and early August and was due solely tochaoborid larvae 
and pupae, which dominated the catch. The two smaller peaks 
were in mid-June and mid-July. ~he first was due to an 
20 
TABLE 2. Relative surface abundance (number/100 m3 ) of taxa 
found primarily in the backwaters in the three 
habitat types sampled (significance noted is between 
the backwater density and the lowest main channel 
density) 
Sites in relation to backwater 
Taxon Upstream Backwater Downstream 
------------------------------------------------------------
Chaoboridae 
Dipteran pupae 
Chaoboridae pupae 
Corixidae 
Chironomidae 
Ephemerella sp. 
Leptocerus sp. 
Ceratopogonidae 
Argulus sp. 
Coenagrionidae 
Dytiscidae 
Gyrinidae 
Pseudiron sp. 
Total 
* P<0.15 
** P<0.10 
*** P<0.05 
69.3 
12.2 
3.4 
23.9 
12.3 
19.4 
2.7 
3.3 
0.3 
1.2 
0.2 
0.4 
0.6 
149.1 
935.8* 36.1 
205.8** 51.5 
240.8* 13.8 
85.-6*** 20.8 
65.1* 19.0 
43.1 15.5 
20.0 8.0 
28.1** 6.7 
5.8*** 0.5 
3.0 1.6 
4.0 0.7 
2.7 0.6 
0.8 0.6 
1640.6*** 175.3 
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22 
abundance of dipteran pupae and Leptocerus sp., and the second 
included several taxa, all dipteran larvae and pupae, 
Corixidae, and Ephemerella sp. 
Backwater taxa were more abundant on the bottom (758/100 
m
3 ) than on the surface (657/100 m3 ) due to the greater 
abundance of chaoborid larvae and pupae, which were 
distributed throughout the water column. The remaining 11 
taxa were all more abundant on the surface. 
Significant differences (P<0.10) also were evident among 
backwaters; abundance was highest at Crooked Slough (1015/100 
3 
m surface, 
(309/100 m3 
937/100 m3 bottom) and the lowest at Savanna Bay 
3 
surface, 183/100 m bottom). Chaoborid larvae and 
pupae dominated the samples from Crooked Slough. This trend 
was not consistent for all taxa, however, because 
Chironomidae, Leptocerus sp., and coleopteran larvae were more 
abundant at Lainsville Slough and dipteran pupae and 
Ceratopogonidae were more abundant at Savanna Bay. The 
remaining taxa used all backwater complexes equally. 
Backwater, Depth, and Habitat Comparisons for Organisms 
Found Primarily in the Main Channel 
The 13 taxa of this category were significantly more 
abundant (P<0.10) in the main-channel habitats than in the 
backwater areas (Table 3). These organisms represented 25% of 
the catch and included all hydropsychid groups. 
23 
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TABLE 3. Relative surface abundance (number/100 m ) of taxa 
found primarily in the main channel in the three 
habitat types sampled (significance noted for 
comparisons of the main-channel densities with the 
backwater densities) 
Sites in relation to backwater 
Taxon Upstream Backwater Downstream 
------------------------------------------------------------
Potamyia sp. 
Baetis sp. 
HydroQsyche sp. 
Isonychia sp. 
EQhoron sp. 
CheumataQsyche 
Hydropsychidae 
Hydropsychidae 
Stenonema sp. 
Elmidae 
IsoEerla sp. 
EEhemera sp. 
HeEtagenia sp. 
Total 
* P<0.15 
** P<0.10 
sp. 
adults 
pupae 
238.2 87.2 155.4 
112.4* 5.6 84.7 
43.6 19.0 28.2 
16.2 4.0 19.3 
12.1 7.4 13.1 
13.5** 4.4 13.8** 
8.2 3.0 17.8 
1.3 1.0 15.5 
9.1 4.1 9.5 
6.3 2.4 7.5 
2.9 1.5 3.4 
1.6 0.3 1.0 
0.9 0.3 1.1 
466.3** 140.2 370.3 
24 
Total abundance of main-channel taxa was greatest 
upstream from the confluences, but this was not the trend for 
all groups. Eight of the taxa were found in greater abundance 
downstream from the confluences and four upstream; however, 
these four were generally abundant. The trend toward being 
more abundant downstream from the confluences may, in part, be 
due to drift of nutrient-rich water out of the backwaters into 
the main channel, creating productive downstream areas. 
Relatively few of these organisms were captured before 
June (Figure 5). There were two peaks of equal amplitude, one 
on 26 June and another during late July and early August. The 
first peak was the result of an abundance of Hydropsychidae. 
The second peak was also due to members of this taxon, but in 
addition, Baetis sp. was very abundant. The remaining 
organisms were captured in relatively small numbers throughout 
the period. 
The main channel taxa were slightly more abundant in 
surface samples (326/100 m3 ) than in bottom samples (203/100 
m
3 ). The Hydropsychidae were uniformly distributed with 
depth, except for Potamyia sp., which was more abundant in 
surface samples, and hydropsychid pupae, which were more 
abundant in bottom samples. Besides Isoperla sp., which was 
also found equally abundant at both depths, the remaining taxa 
were all more abundant at the surface. 
Differences in density between the three backwater areas 
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were siginificant (P<0.10): densities were highest at Crooked 
3' 3 Slough (455/100 m surface, 344/100 m bottom) and lowest at 
Savanna Bay (211/100 m3 surface, 125/100 m3 bottom). This 
trend was fairly consistent, but Isonychia sp. was most 
abundant at Lainsville Slough, and larval Elmidae and Isoperla 
sp. were most abundant at Savanna Bay. Baetis sp. was least 
abundant at Savanna Bay but, like Hydropsyche sp., was 
equally abundant at the other two backwaters. 
Backwater, Depth, and Habitat Comparisons for Organisms 
Found in Both Backwater and Main-channel Habitats 
The remaining six taxa were abundant in the backwater 
areas and at least one of the main-channel habitats (Table 4). 
These taxa represented 23% of the total catch and included the 
second most abundant taxon, Hexagenia sp. 
Of the six taxa, two were found to be most abundant 
downstream from the confluences of the backwaters, one was 
most abundant upstream, and three used all three habitats 
about equally. Total densities were greatest downstream and 
least upstream. The greater densities downstream from and in 
the confluences were due to Hexagenia sp.; however, the 
Hexagenia sp. caught in the backwaters in June, when they were 
emerging, were much larger than those collected in the main 
channel in August, soon after the eggs had hatched. 
Three peaks in abundance were observed. The smallest 
27 
TABLE 4. Relative surface abundance (number/100 m3 ) of taxa 
found in both main channel and backwaters in the 
three habitat types sampled (significance noted 
between that density and the least density) 
Sites in relation to backwater 
Taxon Upstream Backwater Downstream 
Hexagenia sp. 120.2 204.5 273.5 
Talitridae 81. 7 75.2 72.7 
Dipteran adults 27.7* 23.8* 5.5 
Ephemeropteran adults 3.2 1.7 1.0 
Elmidae adults 0.6 1.2 1.0 
AneEeorus sp. 0.6 0.6 0.7 
Total 234.0 307.0 354.4 
* P<0.15 
28 
peak occurred in mid-May in the backwaters and downstream from 
the confluences due to the great abundance of amphipods and 
Hexagenia sp. (Figure 6). The second peak in mid-June showed 
much greater densities in the backwater areas than in either 
of the main-channel habitats. This was due again to amphipods 
and rather large Hexagenia sp. The third peak occurred during 
mid-August and was present only in the main channel; densities 
were greater downstream from the confluences than upstream. 
All the taxa were more abundant at the surface (299/100 
m
3 ) than at the bottom (62/100 m3 ) except Anepeorus sp., which 
was equally abundant at both depths. This was not expected 
because many of the taxa, especially Hexagenia sp., are noted 
benthic organisms and usually are captured at the bottom. 
Greatest densities of the ubiquitous taxa were observed 
3 3 in Lainsville Slough (351.3/100 m surface, 81.0/100 m 
bottom), where four of the taxa had significantly greater 
3 (P<0.15) densities than in either Savanna Bay (314.3 /100 m 
surface, 65.4/100 m3 bottom) or Crooked Sough (230.1/100 m3 
3 
surface, 53.7/100 m bottom). Amphipods were equally abundant 
in all three backwater complexes, and Anepeorus sp. was 
significantly more abundant (P<0.10) at Crooked Slough. 
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DISCUSSION 
The composition of macroinvertebrates collected agreed 
with those collected in drift samples in the Mississippi River 
(Seagle and Zumalt 1981, Eckb1ad et ale 1984) and in other 
lotic systems (Kroger 1974, Mancini et ale 1979, Bishop and 
Hynes 1969, Waters 1972). In all these studies, 
Ephemeroptera, Tricoptera, and Plecoptera were abundant. The 
main differences found in this study were the small numbers of 
Plecoptera captured and the greater abundance of Diptera, 
especially Chaoboridae. Chaoborids were collected mainly in 
the backwaters, which would account for their absence in other 
lotic systems. 
All peaks in densities occurred at about the same time, 
when water temperatures were high and river discharge low. In 
late June and early July, river discharge increased and water 
temperature decreased, resulting in a decline in the number of 
organisms collected. Similar findings were reported by 
Minshall and Winger (1968), who noted an inverse relationship 
between stream discharge and invertebrate drift, and by 
Wojtalik and Waters (1970), who found a direct relation 
between water temperature and invertebrate drift. 
Most past studies have dealt with drift in small streams 
and have not examined the vertical distribution of the drift. 
However, this could be important in a large river concerning 
the distance drifted and the availability of the drift to 
31 
fishes. In this study, as in other studies on large rivers 
(Matter and Hopwood 1980, Waters 1965, Elliott 1970, Eckblad 
et a1. 1984), organisms were collected at both the surface and 
the bottom. Some organisms were more abundant at the surface 
(Ephemeroptera), whereas others were more evenly distributed 
throughout the water column (Chaoboridae and Hydropsychidae). 
As was suggested by Matter and Hopwood (1980), this difference 
in vertical distribution may be due to the swimming ability of 
the organisms, the more motile taxa being concentrated near 
the surface and less motile taxa being distributed throughout 
the water column. 
Contrary to the findings of Eckblad et ala (1984), 
density differences between the backwater areas were not a 
function of their size. The differences seemed due to the 
nature of the backwaters. Crooked Slough is an old backwater 
situated on the upper reaches of the pool that is confined to 
a channel with relatively good current. Savanna Bay was 
created when the navigation dams were constructed by flooding 
terrestrial habitats. It is shallow, has relatively little 
current, and is located on the lower pooled section. 
Lainsville Slough, along with the Brown's Lake complex, is a 
combination of the two. These differences may account for the 
different densities at the three sites and cause the 
variability present in the data. 
The separation of the taxa into backwater and 
32 
main-channel groups was supported by Merritt and Cummins 
(1978), who divided the insects into lotic erosional and lotic 
depositional categories. Two differences were noted, however. 
Hexagenia sp. was found in abundance in the main channel but 
were categorized as lotic depositional, and Leptocerus sp. was 
. classified as lentic but was found in the backwaters of the 
river. 
Overall, the backwater habitats had the greatest 
densities and would therefore be considered the most 
productive. Of the backwater taxa, many were found to be more 
abundant downstream from the confluences than upstream, 
indicating that they had drifted out of these areas into the 
main channel, as was observed by Eckblad et al. (1984). These 
organisms drifting out of the backwaters could make downstream 
areas more productive by providing food for fish, as was shown 
by Mancini et al. (1979) and Mason and Chapman (1965). 
The main-channel and ubiquitous taxa were more abundant 
downstream from the confluences than upstream. This may be 
the result of water rich in zooplankton and nutrients coming 
from the backwaters, creating productive downstream areas. 
Because macro invertebrates are transported out of these 
backwaters, this zooplankton and nutrient drift seems entirely 
possible. Inasmuch as densities were higher here, this again 
could increase the fish production of these areas. 
Because it has been shown that backwater areas are very 
33 
productive and may have some beneficial effects on the 
downstream main channel habitats, any further loss of these 
areas could seriously threaten the Mississippi River as it is 
now. Fifty-four percent of the macroinvertebrates present 
were there because of the backwater areas. Further research 
is needed to determine the utilization of these habitats by 
other organisms and to determine if zooplankton and nutrients 
are indeed being transported into the main channel. These 
studies must be done immediately if measures are to be taken 
to preserve the backwater habitats. 
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SECTION II. IMPORTANCE OF HABITATS ASSOCIATED WITH 
BACKWATER AREA CONFLUENCES AS NURSERY 
AREAS FOR THE FISHES OF THE UPPER 
MISSISSIPPI RIVER, POOL 13 
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INTRODUCTION 
The backwater areas or sloughs of the Upper Mississippi 
River are held to be responsible for the quantity and species 
of fishes found in the river (Bade 1980). These habitats, 
characterized by little current, shallow water, and silt 
substrates (Rasmussen 1979), owe much of their high 
productivity to an influx of nutrients from the main channel 
in spring when water levels are high. Fine sediments are 
brought into the backwater areas along with the nutrients and 
are deposited there when the current slows as water overflows 
the area (LePage et al. 1979). If the present rates of 
sedimentation (as much as 5.0 cmjyr) continue, most backwater 
areas of the Upper Mississippi River will be filled within 50 
to 100 years (LePage et al. 1979). 
Research has been conducted to examine the importance of 
backwater areas to adult fish populations of the river system. 
Standing crops of 319 kg/ha were reported by Christenson and 
Smith (1965), making these waters some of the most productive 
in the north-central United States. The distribution of 
larval fishes in the main channel and backwaters was 
determined by Holland and Sylvester (1983) and Connor et al. 
(1983), and the distribution of juveniles by Van Vooren 
(1981). All found fish to be abundant in the backwater areas, 
but none studied the interactions that may occur between 
main-channel and backwater areas. Eckblad et al. (1984) found 
38 
that larval fishes and macroinvertebrates drift out of the 
backwater areas, but the extent to which this drifting affects 
downstream main-channel habitats has not been studied. 
In the present study, I examined the use of habitats 
associated with the mouths of backwater areas (here termed 
confluences) by larval and juvenile fishes. Determining the 
value of main-channel habitats downstream from the 
confluences, as well as the backwater confluences themselves, 
as nursery areas for main-channel species was of primary 
concern. Three backwater complexes were sampled at two depths 
to compare their relative importance and the vertical 
distribution of fishes. 
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STUDY AREA 
The Upper Mississippi River is defined as the 1482 km 
section that extends from Hastings, Minnesota, to 
Caruthersville, Missouri (Rasmussen 1979). This section of 
the river is divided into pools by 26 navigation dams that 
were built in the 1930s to maintain a 2.7-m minimum depth in 
the navigation channel. Each pool consists of an upper 
riverine section and a lower lacustrine section. 
This study was conducted in the riverine section of 
Navigation Pool 13, which extends 55 km, from Lock and Dam 12 
at Bellevue, Iowa (River Mile 556.6), to Lock and Darn 13 at 
Fulton, Illinois (River Mile 522.2). This pool is longer and 
has more off-channel habitats than most; there are eight 
backwater complexes, of which three--Crooked and Lainsville 
Sloughs and Savanna Bay--were chosen for this study (Figure 
1 ) . 
Crooked Slough extends 10.4 km from Lock and Dam 12 
(River Mile 556.6) to its confluence with the main channel at 
River Mile 550.3. 2 It has a surface area of 2.9 km and 
meanders greatly but has only one outlet to the main channel. 
The average width of the river along Crooked Slough is 0.6 km. 
Riprapped areas are in the upstream portion, and several wing 
darns are on the eastern side. The substrate is mainly sand. 
Lainsville Slough, which extends 7.4 km from River Mile 
546.0 to its confluence at River Mile 541.4, has a surface 
40 
Lock & Dam 12 
Crooked 
Slough 
lainsville 
Slough 
Navigation Pool 13 
Savanna 
Bay 
FIGURE 1. Location of Navigation Pool 13 of the Upper 
Mississippi River (inset) and upstream portion of 
Pool 13 showing the three backwater complexes 
sampled 
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. 
area of 3.5 km2 : it is associated with the so-called Brown's 
Lake complex (two river ponds that are dominated by aquatic 
macrophytes in summer). The upstream inlet has been opened 
twice by the u.s. Army Corps of Engineers with the hopes that 
the rate of sedimentation would be decreased; however, the 
efforts were unsuccessful and the inlet is now closed at 
normal river flows. The confluence of Lainsville Slough with 
the main stream is at a bend in the river. Its average width 
along this stretch is 0.5 krn. Riprap has been used on the 
east side upstream from the confluence and on the west side 
downstream from the confluence: many islands are present. 
Savanna Bay is on the east side of the river and extends 
7.5 km from River Mile 543.0 to its confluence at River Mile 
538.3. 2 This slough has a surface area of 3.4 km and differs 
from the other two in that it opens immediately into a broad 
shallow stump field. A navigation channel is maintained on 
the east side for small-boat traffic. Near this backwater, 
the river meanders greatly. Several islands are present, most 
of which originated from dredge spoil disposal. The east 
shore in and below this confluence has been extensively 
riprapped. The lacustrine section of Pool 13 begins about 2.0 
krn below Savanna Bay. 
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METHODS 
Three sampling locations were established at each 
backwater complex (Figure 2}--two in the main channel, 0.8 km 
upstream and 0.8 km downstream from the backwater 
confluences--and one in the backwaters about 300 m from the 
confluences. These sites were established so that comparisons 
could be made between backwater and main-channel habitats, and 
between downstream main-channel habitats that could be 
influenced by backwater input and upstream ones that probably 
would not be affected. 
Samples were collected weekly from 24 April 1983 to 14 
August 1983. Surface samples were taken by using an apparatus 
similar to one designed by Tarplee et al. (1979) for use on 
reservoirs. A" steel bar was mounted across the boat 2.5 m 
from the bow, extending 0.75 m from the starboard side to 
ensure that the net was outside the wake of the boat. A steel 
arm fitted with a steel ring 0.5 m in diameter and a 0.5 m in 
diameter conical plankton net, 1.8 m long, of 0.505-mm mesh, 
was attached to the bar and hinged so that it could be raised 
and lowered easily. When in fishing position (vertical), the 
top of the net was 0.2 m below the surface of the water. 
Bottom samples were collected with a benthic sled 
constructed from the design of Yocum and Tesar (1980). This 
sled was fitted with a net like the one described, mounted on 
a 20 by 60 cm rectangular frame situated 0.25 m from the 
43 
FIGURE 2. Location of the three habitat types 
sampled relative to a theoretical 
backwater area 
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bottom of the river. The sled was towed behind the boat at 
the same time that surface samples were collected. 
General Oceanics Model 2030 flowmeters mounted in the 
mouth of the nets measured the volume of water filtered. 
Flow-through collection buckets, as designed by Graser (1978), 
were attached to the cod end of the nets. 
Tows of 3 to 5 min were made in the upstream direction at 
night at a speed of 1.5 mls beginning 1 h after sunset. Three 
replicate tows were usually made at each location. Main 
channel samples were taken on the same side of the river as 
the backwater, with 2 being in the main-channel border area 
and 1 in the main channel. 
After a tow was completed, the nets were rinsed, and 
samples were washed into I-liter jars with 10% formalin 
solution. The samples were later sorted manually, and all 
fishes identified to the lowest taxonomic level possible. 
In addition to taking fish samples, dissolved oxygen, pH, 
and surface water temperature were measured at all locations 
weekly. River discharge information was obtained from the 
u.s. Army Corps of Engineers. 
Samples were converted to the number of organisms per 
100 m3 of water filtered. Analyses of variance were conducted 
on the unweighted means to determine differences between the 
sampling weeks, differences in the use of the specific 
habitats, and differences in the use of the specific backwater 
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complexes. The unweighted means were used in the analyses due 
to the variable number of samples taken at each location so 
that each location was equally represented. The least 
significant difference method (LSD) was used to determine 
differences among the three sampling locations. Due to the 
large variances that were encountered, significance levels of 
0.15 were accepted. 
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RESULTS 
Physical and Chemical Characteristics 
The characteristics measured varied greatly over the 
sampling period (Figure 3). River discharge was highest at 
the beginning of sampling and then declined until mid-July 
when a minor peak developed. Dissolved oxygen also was 
consistently high in all three habitat types. Although the 
dissolved oxygen at Savanna Bay was significantly lower 
(P<O.OS) than that in either of the other backwater complexes, 
it never fell below 7 mg/l. 
Surface water temperature rose continually until 
mid-June, declined slightly when river discharge rose, 
increased further and was nearly stable from mid-July until 
the end of the sampling period. Temperatures were 
significantly higher (P<0.10) in the backwater areas than in 
the main-channel habitats. The river temperatures downstream 
from the confluences of the backwaters were consistently 
higher than those upstream, suggesting that flow out of the 
backwaters affected this variable. 
The pH (range 7.6-8.8) varied greatly over the study 
period and was significantly higher (P<O.IS) in the backwater 
areas than in either of the main-channel habitats. The pH 
values downstream from the confluences were between those in 
the backwaters and those upstream from the confluences in 10 
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of 17 weeks, again suggesting that some effect was being 
exerted by the limited water flow from the backwater areas. 
Fishes 
About 70,000 fishes were collected in 422 surface and 401 
bottom samples. For analysis, these fish were divided into 
larvae and juveniles according to criteria developed by Snyder 
(1976)i larvae made up 71% of the total 'catch and juveniles 
29%. The fish represented 13 families, of which 4 
(Polyodontidae, Esocidae, Percopsidae, and Lepisosteidae) were 
rare and are not further considered here. The remaining 9 
families were divided into 27 lower taxa or groups (Table 1). 
The Cyprinidae, the most abundant family collected, 
contributed 49% of the total catch. The larvae of three 
species were identified throughout the sampling period: 
emerald shiner, common carp, and silver chub. No juvenile 
common carp were collected, but juvenile speckled chubs were 
identified. The remaining cyprinid larvae were divided into 
taxonomic groups as described by Fuiman et al. (1983). All 
the larvae in these groups had flattened eyes and were 
differentiated by ventral pigment patterns. Cyprinid Type I 
had a midventral row of melanophores and included the bullhead 
minnow (Pimephales vigilax). Cyprinid Type 2 had an outlined 
gut pigment pattern and included the bluntnose minnow (~ 
notatus) and the suckermouth minnow (Phenacobius mirabilis). 
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TABLE 1. Relative abundance (number/100 m3 ) of larval and 
juvenile fish taxa collected from 24 April to 14 
August 1983, Navigation Pool 13, Upper Mississippi 
R" a l.ver 
-----£------------------------------------------------------
Taxon Larvae Juveniles 
Clupeidae 
Gizzard shad (Dorosoma cepedianum) 
Hiodontidae 
Mooneye (Hiodon tergisus) 
Cyprinidae 
Common carp (Cyprinus carpio) 
Silver chub (Hybopsis storeriana) 
Speckled chub (H. aestivalis) 
Emerald shiner (Notropis atherinoides) 
Cyprinid Type 1 
Cyprinid Type 2 
Cyprinid Type 3 
Cyprinid Type 4 
Unidentified Cyprinids 
Catostomidae 
Carpsuckers (Carpiodes spp.) 
Buffalos (Ictiobus spp.) 
Spotted sucker (Minytrema melanops) 
Ictaluridae 
Channel catfish (Ictalurus punctatus) 
Stonecat (Noturus flavus) 
Flathead catfish (Pylodictis olivaris) 
Percichthyidae 
White bass (Morone chrysops) 
Centrarchidae 
Sunfishes (Lepomis spp.) 
Crappies (Pomoxl.s spp.) 
Percidae 
Percina spp. 
Logperch (~caprodes) 
River darter (P. shumardi) 
Stizostedion spp. 
Unidentified percids 
Sciaenidae 
Freshwater drum (Aplodinotus grunniens) 
Unidentified fishes 
16.4 
0.7 
3.1 
1.8 
28.0 
0.8 
1.2 
0.3 
0.2 
1.0 
1.2 
0.6 
0.2 
0.3 
3.6 
1.1 
1.1 
0.4 
1.0 
26.4 
0.4 
4.5 
0.1 
0.6 
0.5 
22.3 
1.3 
0.5 
0.4 
T 
0.2 
1.8 
0.2 
0.1 
0.3 
0.1 
0.2 
3.4 
0.1 
-----a------------------------------------------------------
b T<O.1. 
In general, the identified taxa follow Robins 1980. 
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These three species are present in the pool but were not 
identified. Cyprinid Type 3 also showed an outlined gut 
pattern but always had a large yolk sac and a clearly 
perceptible snout. It was tentatively identified as the 
larvae of the speckled chub. In Cyprinid Type 4, the ventral 
pigment was scattered. The remaining cyprinid larvae and 
juveniles were placed in a group of unidentified cyprinids. 
Two families (Sciaenidae and Clupeidae) were abundant in 
the samples although they were represented by only one species 
each: larvae and juveniles of the freshwater drum made up 24% 
of the catch and gizzard shad contributed 17%. These two 
families, along with the Cyprinidae, accounted for 90% of the 
catch. 
The Centrarchidae, which ranked fourth in abundance, were 
arbitrarily divided into two main groups, the sunfishes of the 
genus Lepomis and crappies (Pomoxis spp.). The sunfishes were 
represented by five species, of which the bluegill (Lepomis 
macrochirus) was the only one identified. Crappies included 
both the black crappie (Pomoxis nigromaculatus) and white 
crappie (~ annularis) which were both identified. Few 
largemouth bass (Micropterus salmoides) and rock bass 
(Ambloplites rupestris) were collected. This family in total 
made up 5% of the total catch. 
The fifth most abundant family, Percidae, made up 2% of 
the catch and was divided into three taxa, two at the generic 
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level. Percina spp. included the larvae of logperch (~ 
caprodes) and river darter (~ shumardi)i however, these two 
species could be separated as juveniles. Stizostedion spp. 
included both walleye (~ vitreum) and sauger (~ canadense). 
The remaining perc ids were put into a single group that 
included johnny darter (Etheostoma nigrum), and western sand 
darter (Ammocrypta clara), both of which were collected. 
The family Catostomidae made up 1% of the total catch and 
was divided into three larval groups. No juveniles were 
collected. One group consisted only of the spotted sucker 
which was rarely collected. The second group, buffalos, 
included three species that are present in the pool but could 
not be separated--smallmouth buffalo (Ictiobus bubalus), 
bigmouth buffalo (~ cyprinellus), and black buffalo (~ 
niger). The third group, carpsuckers, included the quillback 
(Carpiodes cyprinus), river carpsucker (C. carpio), and 
highfin carpsucker (~velifer). These species likewise could 
not be separated. 
The seventh most abundant family was Ictaluridae. Only 
juveniles were collected and divided among three species: 
• 
channel catfish, stonecat, and flathead catfish. 
The two least abundant families each contained only one 
taxon. Hiodontidae made up 0.6% of the catch. Although both 
mooneye and goldeye (Hiodon alosoides) were known to be in the 
pool, I believe that all fish of the family collected were 
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mooneyes. Percichthyidae made up only 0.3% of the catch. 
Although both white bass and yellow bass (Morone 
mississippiensis) were in the pool, I believe that all the 
larvae and juveniles collected were white bass. 
Comparisons of larval abundance between depths 
Nearly four times more larvae were collected at the 
surface (146/100 m3 ) than at the bottom (40/100 m3 ). This 
trend was consistent over many of the taxa: only silver 
chubs, mooneyes, and unidentified minnows were equally 
abundant at both depths. 
The order of relative abundance of the larvae of the 
different groups also differed with depth. Emerald shiners 
were most abundant at the surface, followed by freshwater drum 
and gizzard shad: and freshwater drum were most abundant in 
bottom samples, followed by gizzard shad and emerald shiners. 
Inasmuch as relatively few larvae were captured at the 
bottom and densities differed so greatly between the two 
depths, only the surface samples were analyzed to determine 
differences among the three habitat types and the three 
backwater areas examined. 
Comparisons of larval abundance among backwater areas 
Total densities were greater at Savanna Bay (187/100 m3 ) 
than at either Crooked Slough (141/100 m3 ) or Lainsville 
3 Slough (110/100 m). This trend was not consistent for all 
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taxa. Gizzard shad and centrarchids were more abundant at 
Crooked Slough than at either of the other two backwaters. 
Among the backwater complexes compared, cyprinids and perc ids 
were least abundant at Crooked Slough, and freshwater drum and 
mooneyes at Lainsville Slough. 
Comparisons of larval abundance among habitat types 
Comparisons made to determine which taxa used the three 
specific habitats associated with the backwater confluences 
separated the 20 taxa into three distinct groups: those more 
abundant in the backwater areas, those more abundant in the 
main channel, and those about equally abundant in. the two 
habitats. 
Gizzard shad, sunfishes, silver chubs, crappies, and 
white bass were more abundant in the backwater areas than in 
the main channel (Table 2). These fishes accounted for 27% of 
the catch and were collected from 15 May through the end of 
the sampling period (Figure 4). Abundance peaked from 12 to 
26 June soon after gizzard shad and the sunfishes had spawned. 
A second smaller peak occurred from late July into August, as 
a result of a second spawning of the sunfishes and the silver 
chub. Although no significant differences were observed 
between main-channel habitats, densities of all five taxa were 
consistently greater downstream than upstream from the 
confluences of the backwaters, suggesting that the larvae were 
transported out of the backwaters and into the main channel. 
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TABLE 2. Relative abundance (number/100 m3 ) of the backwater 
larval taxa collected in the three habitats 
associated with the backwater confluences 
(significance shown between backwater and 
main-channel densities) 
Sites in relation to backwater 
Taxon Upstream Backwater Downstream 
Gizzard shad 1.9 74.1* 5.1 
Sunfishes 0.3 15.2* 1.7 
Silver chub 1.1 3.3 1.5 
Crappies 0.2 4.1 . 1.2 
White bass 0.1 0.7 0.4 
Total 3.6 97.4 9.8 
* P<0.15 
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Species in the main-channel category included freshwater 
drum, buffalos, carpsuckers, and three cyprinid groups that 
were least abundant in the backwater areas (Table 3). This 
group represented 26% of the catch; density peaked from 12 to 
26 June (Figure 5), primarily because larval freshwater drum 
were abundant. Densities at this time were greater downstream 
than upstream from the confluences. Cyprinids had two peaks, 
one in mid-June and another from mid-July to early August. 
Densities of fish of five of the taxa were greater downstream 
than upstream from the confluences, suggesting a selection of 
these areas as nursery or spawning areas. 
The last group included emerald shiners, cornmon carp, 
Percina spp., mooneyes, spotted suckers, Stizostedion spp., 
Cyprinid Type 2, unidentified cyprinids, and unidentified 
percids, all of which were abundant in the backwater areas and 
one or more of the main-channel habitats (Table 4). These 
fishes composed 47% of the catch and included the most 
abundant taxon, emerald shiner, as well as all three percid 
taxa. The perc ids spawned early, as shown by the small rise 
in abundance in May (Figure 6). A much larger peak came from 
12 to 19 June, when total densities were highest downstream 
from the confluences of the backwaters and lowest upstream 
from the confluences. This difference was mainly due to a 
great abundance of emerald shiners. Overall, six taxa were 
more abundant downstream from the confluences than upstream, 
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TABLE 3. Relative abundance (number/100 m3 ) of main-channel 
larval taxa collected in the three habitats 
associated with the backwater confluences 
(significance shown between main-channel and 
backwater .densities) 
Sites in relation to backwater 
Taxon Upstream Backwater Downstream 
Freshwater drum 26.5 13.9 55.1 
Cyprinid Type 1 2.0*** 0.2 1.8*** 
Buffalos 0.9 0.4 1.6*** 
Carpsuckers 0.7 0.6 1.1 
Cyprinid Type 3 0.4 0.2 0.9*** 
Cyprinid Type 4 0.4 0.1 0.5 
Total 30.9 15.3 61.0 
*** P<0.05 
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TABLE 4. Relative abundance (number/100 m3 ) of the ubiquitous 
larval taxa collected in the three habitats 
associated with the backwater confluences 
(significance shown between the densities noted and 
the smallest density) 
Site in relation to backwater 
Taxon Upstream Backwater Downstream 
Emerald shiner 12.0 54.7 85.2 
Common carp 8.5 3.3 5.0 
Cyprinid Type 2 1.9 1.9 2.7 
Perc ina spp. 1.2 1;8 2.0 
Unident. perc ids 0.4 2.4 2.1 
Unident. cyprinids 1.3 0.7 1.1 
Mooneye 0.2 1.1** 1.1** 
Stizostedion spp. 0.2 0.8 0.8 
Spotted sucker 0.3 0.2 0.2 
Total 25.9 67.0 100.1 
** P<0.10 
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suggesting either a selection of these areas as a spawning or 
nusery area, drift of larvae out of the backwaters, or a 
combination of the two. 
Comparisons of abundance of juveniles among depths 
More than twice as many juveniles were captured at the 
3 3 
surface (51/100 m ) than in the bottom samples (21/100 m ). 
This difference was due to the abundance of emerald shiners and 
gizzard shad at the surface and the scarcity of these species 
at the bottom. Other taxa found mainly at the surface 
included mooneyes, white bass, and unidentified percids. Many 
of the taxa more abundant in the bottom samples were typical 
bottom-dwelling species, such as river darters, speckled 
chubs', and all three catfishes collected. Unidentified 
cyprinids, crappies, Stizostedion spp., and freshwater drum 
were also found predominantly in the bottom samples. Silver 
chub, sunfishes, and logperch were equally abundant in surface 
and bottom samples. 
Comparisons of abundance of juveniles among habitat types 
Densities of juvenile fishes were significantly larger 
3 3 (P<0.05) in the backwater areas (129/100 m 'surface, 52/100 m 
bottom) than at sites either upstream from the confluences 
333 (8/100 m surface, 8/100 m bottom) or downstream (16/100 m 
3 
surface, 7/100 m bottom). Thirteen of the taxa collected 
exhibited this pattern, but there were exceptions. Channel 
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catfish and stonecats were more abundant downstream from the 
confluences of the backwaters than in either of the other two 
locations. 
Habitat preference also differed with depth for some 
species. River darters collected at the surface were most 
abundant in the backwater areas, but those collected in the 
bottom samples were about equally abundant in the backwaters 
and downstream from the confluences. Densities of freshwater 
drum also differed with habitat; densities were equal in all 
three habitats at the surface, but at the bottom, densities 
were significantly greater in the backwaters than in either 
main-channel habitat. 
Comparisons of abundance of juveniles among backwater areas 
Abundance-of juveniles in surface samples was greater in 
3 
Savanna Bay (85/100 m ) than in either Crooked Slough (39/100 
m
3 ) or Lainsville Slough (30/100 m3 ) due to the large number 
of emerald shiners and gizzard shad collected there. Most 
taxa were equally abundant in all backwaters, but some 
differences were observed. Mooneyes and logperch were found 
almost exclusively in Savanna Bay (P<0.05) when densities in 
the three backwater areas were compared, whereas white bass 
were significantly more abundant (P<0.10) in Lainsville Slough 
and Savanna Bay than in Crooked Slough. 
Densities were equal at all three backwater areas when 
the bottom samples were examined (average 22/100 m3 ), but 
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differences in taxa were noted. Channel catfish (P<O.OS) and 
river darters (P<O.lS) were both most abundant at Crooked 
Slough; freshwater drum, sunfishes, and miscellaneous 
juveniles at Lainsville Slough; and stonecats (P<O.OS) and 
speckled chubs (P<O.10) at Savanna Bay. No significant 
differences were noted for· the remaining taxa. 
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DISCUSSION 
Assuming that the larger numbers of fish collected 
downstream from the confluences than upstream were due only to 
contributions from the backwaters, the backwater areas were 
responsible for 90% of the juveniles and 70% of the larvae. 
The backwaters were important nursery areas for fishes 
characteristically found there and for main-channel species as 
well. Juveniles were found almost exclusively in the 
backwater areas, suggesting that, once they were able to swim, 
they moved out of the faster current of the main channel into 
the backwater areas. Van Vooren (1981) reported similar 
results by seining several habitats in the Upper Mississippi 
River. In the backwater areas, temperatures were higher, food 
was more abundant, and current was slower. Because there are 
few areas of the river with slow currents, the loss of the 
backwater areas would remove this refuge. 
The main-channel habitats downstream from backwaters 
seemed to be used to a greater extent than those upstream, 
suggesting that they were more productive. This trend was 
also noted by Holland and Sylvester (1983), who found the 
greatest densities of larval fishes in the main channel near 
the mouth of a backwater. This increased productivity 
downstream from the confluences could be due to several 
factors. The river temperature downstream from the backwater 
areas was consistently higher than that upstream, which could 
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result in greater biological productivity and in the selection 
of these habitats as spawning areas by adult fishes. It is 
also possible that nutrient-rich waters flowed out of the 
backwaters, thereby increasing the productivity of downstream 
sites. Furthermore, macroinvertebrates and zooplankton, which 
were abundant in the backwaters, could drift into the main 
channel, providing food for larvae, juveniles, and adults. 
Macroinvertebrates have been found to drift out of backwater 
areas (Eckblad et ale 1984), and several studies have shown 
that increased invertebrate drift can increase the carrying 
capacity of an area for fishes (Mancini et ale 1979, Mason and 
Chapman 1965). 
The densities of larvae and juveniles varied greatly 
among the three backwater areas; therefore, many differences 
among the habitat types were not statistically significant. 
The physical nature of the backwaters contributed to the 
variability, Crooked Slough being the most riverine and 
Savanna Bay the most lacustrine. Lainsville Slough, along 
with the Brown's Lake complex, was intermediate between the 
two. This is shown by the fact that many taxa were equally 
abundant in Lainsville Slough and one of the other backwaters, 
but few were abundant in both Crooked Slough and Savanna Bay. 
Larvae were least abundant at Savanna Bay, suggesting that the 
more riverine backwater areas were more productive. The 
productivity of these areas may be related to the amount of 
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flow going through them. 
The division of the taxa into main channel, backwater, 
and ubiquitous taxa supports the findings by Conner et ale 
(1983) and Harrow and Schlesinger (1980). Holland and 
Sylvester (1983) found slightly different results: gizzard 
shad and crappies were most abundant in the main channel and 
suckers both in the backwaters and main-channel habitats. 
This variabilty in the use of the habitats could be due to 
differences between pools or because the backwater that they 
studied was in the· lacustrine section of the pool, near the 
lower darn. 
The greater densities of larvae found at the surface 
agreed with the findings in certain other studies that have 
examined this distribution in large rivers (Tuberville 1979, 
Holland and Sylvester 1983, Gale and Mohr 1978, Hergenrader et 
ale 1982). Juveniles were also more abundant at the surface, 
except for those that live on the bottom as adults (i.e., 
darters and catfishes). Because the samples were taken at 
night, a more uniform distribution was expected because of a 
lack of phototactic responses and perhaps more uniform 
avoidance of sampling equipment. 
Backwater areas are important as nursery areas for larval 
. 
and juvenile fishes of nearly every species in the Upper 
Mississippi River. Water flowing out of the backwaters may 
create productive downstream sites in the main channel. These 
67 
sites were seemingly used to a great extent by adult and 
larval fishes. Inasmuch as backwater areas provide abundant 
food and a refuge from the main channel current and may 
increase the productivity of downstream main-channel habitats, 
any additional loss of these habitats will have detrimental 
effects on the biological integrity of the river system. 
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SUMMARY AND DISCUSSION 
The greatest densities of larval and juvenile fishes and 
macroinvertebrates were found in the backwater areas. This 
probably is the result of several factors, including more 
abundant food, higher water temperatures, and/or slower water 
currents. These habitats provided excellent nursery areas not 
only for species found predominantly in the backwater areas 
but also species normally considered main-channel organisms. 
The backwater areas were the most productive of the habitat 
types sampled. 
Nearly all of the larval and juvenile fishes and most of 
the macro invertebrates were more abundant in the main channel 
downstream from the backwater confluences than upstream. This 
suggests two things. First, water flowed out of the backwater 
areas into the main channel, increasing the temperature of the 
water downstream and carrying larval fishes and 
macroinvertebrates that were found predominantly in the 
backwater areas into the main channel. It also seems likely 
that zooplankton and nutrients, both abundant in the backwater 
areas, were carried into the main channel as well. These 
factors appear to increase the biological productivity of 
main-channel habitats downstream from backwater confluences. 
Second, larval and juvenile fishes and many macroinvertebrates 
were more abundant downstream from the confluences than 
upstream, supporting the theory that downstream areas are more 
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productive and are utilized to a greater extent as nursery 
and/or spawning sites by the fishes of the system than other 
main-channel habitats. 
The importance of the backwater areas to the Upper 
Mississippi River as a whole depends on several factors. 
Since this study was conducted over only one season, the 
effects that different climatic conditions would have were not 
examined. During a high-water year, the input from the 
backwater areas could be greater due to the faster currents; 
conversely, they may be utilized less by juveniles as a 
retreat from the faster currents of the main channel. The 
opposite could be true of low water years. Different warming 
trends may affect the productivity and food supply in the 
backwater areas and therefore may affect its utilization as a 
spawning/nursery area and its beneficial effects on the 
downstream main-channel sites. It is important that these 
factors be examined so that the full importance of the 
backwater areas is realized. 
The very nature of the backwater areas could affect their 
use as nursery/spawning areas. The more riverine backwater 
areas are beneficial to some species while the more lacustrine 
are more beneficial to others. The location of the backwater 
in the navigation pool may also affect its overall importance. 
Lastly, the importance of the backwater areas may change along 
the length of the Upper Mississippi River. 
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Since the backwater areas are being lost at a rapid rate 
and they appear necessary to maintain the biological integrity 
of the system as a whole, measures must be taken to preserve 
them. Several techniques have been suggested. The best way 
is to go to the source and decrease the amount of erosion from 
farmland. Conservation tillage, contour farming, terracing, 
and strip cropping would all reduce the amount of fine 
sediments entering the river and therefore the sedimentation 
rate in the backwater areas. If this is not possible, 
barriers could be built around the backwater areas reducing or 
eradicating the flow into the backwaters. This has been done 
but the extent that this might affect drift out of the 
backwaters is not known. As a last resort, dredging could be 
conducted to deepen the backwater areas, thereby increasing 
their lifespan. 
The Upper Mississippi River is a complex system of 
habitats, all of which contribute to the overall integrity of 
the river. If the backwater areas are lost, this system will 
be destroyed, resulting in detrimental effects to the river. 
This should not be allowed. Steps must be taken immediately 
to preserve the backwater areas of the Upper Mississippi River 
and therefore the river itself. 
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